The study investigates whether behavioural theory is a superior explanation for short-term return-volatility relationship than traditional leverage and volatility feedback hypotheses. Using VAR and quantile regression frameworks, the study shows that behavioural theory explains the relationship better than the leverage and feedback hypotheses. The study supports that behavioural biases (representative, affect, extrapolation heuristics, etc.) exist among market participants, and these biases cause India Volatility Index (India VIX) to be an efficient hedge for extreme negative market movements.
Introduction
Volatility index (commonly known as VIX) measures the short-term expected volatility of the market. After the introduction of the derivatives contracts on volatility index, market participants can now trade directly on volatility. Following this, empirical investigations about the relationship between return and implied volatility are re-emphasized in recent literature. Negative and asymmetric relationship between return and volatility are well established in the financial literature. Asymmetric relationship posits that negative returns are related to larger volatility than positive returns. Leverage 
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We investigated whether the behavioural theory is a superior explanation for short-term returnvolatility relationship than traditional leverage and volatility feedback hypotheses. Finance theories propose the relationship between risk and return is positive. However, empirical evidence documents that the short-term relationship between volatility and return is negative and asymmetric. Leverage and feedback hypotheses were proposed to explain the negative relationship, but the asymmetric relationship remained as a stylized fact. We examined the negative and asymmetric relationship in light of three alternative hypotheses namely, leverage, feedback and behavioural theory. Our empirical evidence shows that the negative and asymmetric relationship can be better understood by behavioural theories rather than traditional leverage and feedback hypotheses.
hypothesis and volatility feedback hypothesis are the competing theoretical explanations for negative relationship. Asymmetric relationship remains a stylized fact in the market. Though some recent studies (Hibbert, Daigler, & Dupoyet, 2008; Low, 2004) propose behavioural theory to understand the negative and asymmetric relationship, no consensus exists in the literature in support of the behavioural explanation over the traditional theories (leverage and feedback hypotheses), one of the reasons being a dearth of evidence. The current study seeks to explore the consensus further by investigating the return-volatility relationship for Indian market using theoretical frameworks based on leverage hypothesis, volatility feedback hypothesis and behavioural explanations.
Literature employs three broad categories of volatility proxies for studying the relationship. First, a model-based parameterized volatility process such as ARCH family or stochastic volatility models. Second, realized volatility, which is model-free market-based model. Third, implied volatility, that is, forward-looking volatility calculated from the option prices. Implied volatility index proxy is a recent strand of literature, and most of the work is based on developed markets. The majority of the volatility indices are now adopted to model-free implied volatility (MFIV) framework. The MFIV framework, originally proposed by Demeterfi, Derman, Kamal, and Zou (1999) and Britten-Jones and Neuberger (2000) , is devised to replicate the fair price of a variance swap and is a measure of unbiased future volatility. MFIV framework is expected to be more informative than Black-Scholes at-the-money (ATM) implied volatility (BSIV) since MFIV incorporates the option information across all moneyness. In March 2008, National Stock Exchange (NSE) of India introduced India VIX, the volatility index for the Indian market. India VIX 1 is calculated using the best bid and ask quotes of the out-of-themoney (OTM) call options, and OTM put options based on the near and next month Nifty 2 options order book.
Leverage and feedback are two competing traditional hypotheses that attempt to answer the negative relationship between return and volatility. These two theories differ in the direction of causality between return and volatility. Recently, behavioural explanations have found a place in literature to describe the asymmetric behaviour between return and volatility, though the empirical evidence is mixed in favour of behavioural explanations. For example, Badshah (2013) supports the behavioural theory explanation for the relationship between MFIV and market return for developed markets. On the contrary, Padungsaksawasdi and Daigler (2014) find that behavioural theories offer a weak explanation for understanding the return-volatility relationship for commodities. Our paper is an attempt to explain the market return-MFIV relationship in view of the above findings for Indian market. The study is built on the following objectives: first, the study examines the relevance of the behavioural explanation of return-MFIV in the context of emerging markets. Second, the study intends to examine how behavioural theory explains extreme event behaviour between the return and MFIV.
The study contributes to the literature in three ways: first, previous studies investigate behavioural theories of return-implied volatility relationship in the context of developed markets. This study is the first to investigate behavioural explanation of return-implied volatility relationship in the context of emerging market setting, specifically for India. The study supports behavioural theories of return-implied volatility relationship for emerging markets. Thus, the results are consistent with Hibbert et al. (2008) and Badshah (2013) , who support the behavioural explanations over traditional theories for developed equity markets. Second, vector autoregressive (VAR) framework is used to investigate the causal relationship between return and implied volatility. These results provide limitation of VAR to study the relationship, specifically for extreme market conditions. This study is the first to document limitations of VAR for understanding the extreme market behaviour of return-implied volatility relationship. Third, leverage and feedback theories are treated separately in comparing behavioural explanation in a quantile regression framework.
Key findings of the study can be described in the following dimensions. First, return-implied volatility relationship supports behavioural theory over leverage effect and feedback effect for the Indian market. Evidence strengthens the behavioural theory further over traditional theories in defining the return-volatility relationship. Second, the study documents VAR framework as an incomplete description of the return-volatility relationship. Third, we find that India VIX functions as an effective hedge for extreme negative market conditions. Section 2 contains a brief literature review and hypotheses development. Data and variable description are given in Section 3. Section 4 contains methodology. Section 5 covers empirical results. Section 6 concludes the paper.
Brief literature review and hypotheses development

The leverage effect and feedback effect explanation for return-volatility relationship
Leverage effect and feedback effect are two traditional theories that explain the return-volatility relationship. Black (1976) and Christie (1982) postulate that innovations in the negative return of a stock diminish the value of the stock, increasing the financial leverage (debt-to-equity ratio) of the stock. Since equities are more exposed to the total risk of a firm, decline in the equity value would increase the volatility of the stock. In contrast, the volatility feedback hypothesis (Bekaert & Wu, 2000; Campbell & Hentschel, 1992; French, Schwert, & Stambaugh, 1987; Poterba & Summers, 1986) suggests that variation in conditional volatility is the cause for the change in stock price. Feedback theory states that risk premium is time-varying and volatility is priced in the market. Therefore, positive innovation in volatility would demand a higher rate of return that, in turn, would cause the stock price to go down. Similarly, a negative innovation in volatility would increase the stock price.
The fundamental difference between these two theories is the direction of causality between the two series. Leverage effect assumes that innovation in return causes a change in volatility or simply, the effect runs from price to volatility. On the other hand, feedback effect assumes that positive volatility innovation causes a negative return, i.e. effect runs from volatility to price. Literature also documents the relative magnitude of these two effects. Some of the studies report dominance of the feedback effect over the leverage effect (Bekaert & Wu, 2000; Wu, 2001) .
The above-mentioned traditional theories do not propose any specific volatility measure. Many studies report a negative and asymmetric return-volatility relationship based on different measures of volatility . For example, Engle and Ng (1993) , Glosten, Jagannathan, and Runkle (1993) report negative and asymmetric relationship based on autoregressive conditional volatility models. Fleming, Ostdiek, and Whaley (1995) , Whaley (2000) and Giot (2005) document negative and asymmetric relationship taking VXO.
3 Thus, volatility indices are termed as "fear gauge" (Whaley, 2000) because of the asymmetric relation. Among the many different measures of volatility, literature supports the use of option-implied volatility over the realized volatility. For example, Bollerslev and Zhou (2006) report that option-implied volatility displays stronger asymmetric effect than realized volatility. Several other papers also report the pronounced strength of negative asymmetric relationship of option-implied volatility over other proxies of volatility (Bates, 2000; Eraker, 2004) . Moreover, literature documents that stronger asymmetric negative relationship is found in the market index rather than individual stocks (e.g. Andersen, Bollerslev, Diebold, & Ebens, 2001; Bekaert & Wu, 2000; Dennis, Mayhew, & Stivers, 2006; Kim & Kon, 1994) . Option-implied volatility has two popular measures, namely, Black-Scholes implied volatility (BSIV) and model-free implied volatility (MFIV). Many studies report the negative and asymmetric relationship between market index return and change in the volatility index that are based on MFIV framework (Badshah, 2009; Sarwar, 2012; Whaley, 2009) . Badshah (2013) compares the strength of MFIV and BSIV and reports that MFIV displays pronounced asymmetry compared to BSIV. For the Indian market, Kumar (2012) examines the relationship between Nifty and India VIX and reports negative and asymmetric relationship.
Earlier studies (Badshah, 2009; Lee & Ryu, 2013) use VAR framework in the context of return-volatility relationship. For example, Lee and Ryu (2013) document the characteristics of impulse response functions of MFIV for positive and negative returns in the context of Korean equity market. Badshah (2009) investigates the volatility spillover and transmission process of volatility indices across different developed markets. In this study, we use VAR to understand the traditional theories (leverage and feedback effect) of return-implied volatility relationship. Moreover, we document the limitations of VAR in the context of understanding the traditional theories. Our exploratory analysis shows the limitation of VAR in capturing the extreme events. We show that VAR framework cannot capture the dynamics of the extreme market conditions in the context of return-implied volatility relationship.
Behavioural explanation for the return-volatility relationship
The leverage hypothesis and feedback hypothesis are based on fundamental factors of the firms. These theories involve examination of lagged relationship between return and volatility. Hibbert et al. (2008) , Badshah (2013) report that the relationship is contemporaneous rather than a lagged phenomenon. Previous study of Dennis et al. (2006) reports that return and systematic volatility (not the idiosyncratic volatility) exhibit asymmetric relationship. Therefore, the asymmetric relationship is attributed to systematic marketwide factors rather than firm-level factors. Thus, explanation of negative and asymmetric relationship for market-level data based on traditional theories would be insufficient. The behavioural theory would be an alternative explanation for the relationship. The behavioural explanations can be associated to the biases that exist among market participants. Representative bias is related to the heuristics principles applied by the market participants to infer quick judgement (Representative heuristics as discussed by Tversky and Kahneman (1974) ). Market participants judge high (low) returns and low (high) risk as representative of good (bad) investment grounded on the representative heuristics. Based on the same principles, higher volatility is represented as increased risk. Thus, the nature of return and volatility is negative. Another form of heuristics namely, affect bias or affect heuristics, influences participants to make decisions quickly based on the current state of emotion, i.e. greed, fear etc. One of the implications of the affect heuristics for market participants is that participants relate negative price movement as a form of rising risk and subsequently higher volatility, since higher volatility is related to greater risk. Negative price movement finds greater response as rising risk than positive price movement as lowering of risk (Low, 2004) . Kahneman and Tversky (1979) state the particular behaviour as loss aversion theory, where the value function is convex and steeper for losses than concave gains. Extrapolation bias states that market participants relate past events as a representative of a future event and take a decision based on that. Another behavioural explanation is the heterogeneous belief that exists among market participants about the fundamental price of an asset. Different beliefs about fundamentals cause different price forecasts. Accordingly, optimistic (pessimistic) investors overestimate (underestimate) the returns and underestimate (overestimate) the volatility. In addition to that, higher disparity of belief occurs during the bear market than in the bull market. It states that different clusters of investors exist in the market and they react differently to positive and negative market movements. Survey results of Shefrin (2008) confirm the existence of heterogeneous beliefs about the fundamentals. In brief, the above behavioural explanations provide reasons for the negative and asymmetric relationship between market return and volatility.
Behavioural explanations for the shape of the implied volatility function
In this section, we attempt to reconcile behavioural explanations with the shape of the implied volatility function (IVF). As discussed earlier, volatility index captures information across the moneyness of the option series. Volatility index level is computed using the OTM put index options and OTM call index options. If equity portfolio investors use the derivatives contracts on volatility index for managing downside volatility risk, the success of the contract depends on the biases (affect heuristics, extrapolation bias) that exist among the participants of index options market. For example, higher demand for OTM put index options is argued by Bates (2008) , stating that index options market operates in inefficiency since market participants prefer OTM put index options as a hedge against crash risk. Index options market functions as insurance market for covering downside risk rather than two-sided market for disseminating financial risk. So if index options market operates more as hedge market for the decrease in asset prices, by the affect heuristics, we expect higher demand for OTM put index options in times of the downside market movements. Similarly, according to the extrapolation bias, investors extrapolate past events into future and see recent events as a representation of the future. Thus, investor believes current negative market movement is the representation of future. Accordingly, both affect heuristics, and extrapolation biases influence investors to have a higher demand for OTM put index options during negative market movement. Net buying pressure on OTM put index options during negative market movement overprices the OTM put options beyond its efficiency, and more overpricing would be observed in extreme negative market conditions leading to higher volatility index value. Under this scenario, the futures contracts on volatility index would be an efficient hedge for extreme negative market conditions.
Hypotheses development
Based on the above literature review, our first objective is to examine the return-implied volatility relationship in the light of two alternative theories namely, leverage effect and behavioural theory. As discussed earlier, if the behavioural theory is more fundamental than leverage effect, we expect the contemporaneous relationship between the change of MFIV and return to be the most significant factor because the leverage hypothesis states that lagged returns would be the most significant factor for current change of MFIV. Accordingly, we propose our first hypothesis as below.
Hypothesis I: Contemporaneous Nifty return is the most significant factor that decides the change of current India VIX.
If the above hypothesis holds, we expect contemporaneous NSE Nifty return as the most significant factor in explaining the changes in India VIX, which in turn establishes the representative bias.
Affect heuristics states that market participants respond more during negative price movement (as a representative of rising risk because of potential loss) relative to the positive price movement and lowering of risk. Also, during negative market movement, the higher disparity of beliefs about the fundamentals occurs, thereby causing higher disparity in pricing forecasts. Based on that, we expect that there would be an asymmetric effect for negative and positive returns on change of volatility. We expect that asymmetric effect to increase with higher quantiles of volatility (which is represented as higher risk). We propose our second hypothesis taking the above into consideration.
Hypothesis II: Asymmetric relationship varies across the quantiles of the India VIX change distribution. Moreover, asymmetry is more pronounced at the uppermost quantiles of India VIX change than the lowermost quantile of the India VIX change.
Another proposition is that negative returns are more closely associated with positive innovation in volatility. According to the affect heuristics, and extrapolation bias, market participants relate negative returns with higher risk and subsequently higher volatility, and make quick judgement based on the current state of emotions, which is predominantly fear in this case. Based on the above, we propose the following hypothesis.
Hypothesis III: Negative returns have much higher impact than positive returns on positive implied volatility innovations; negative returns, in particular, are the most important factor that determines the largest change of the India VIX We test the above hypotheses II and III based on the quantile regression framework. Quantile regression is used by Badshah (2013) to investigate the return-implied volatility relationship for developed countries. Investigations of hypothesis II and hypothesis III have following implications. First, the increase in asymmetric relationship would imply that India VIX functions as insurance for downside market movement. Second, the increase in asymmetry in extreme negative returns imply that India index options market functions more as an insurance market for covering one directional price movement, precisely negative price movement.
Additionally, we set our second objective to examine the short-term relationship between Nifty return and India VIX change in the light of feedback effect and behavioural theory. In the same way, as mentioned in hypothesis I, if the behavioural theory holds true for the Indian market, we expect a contemporaneous relationship between change in India VIX and Nifty return. Feedback effect would only hold if the lagged changes of India VIX are the most significant factors for current Nifty return. We propose the following hypothesis:
Hypothesis IV: Contemporaneous change in India VIX is the most significant factor for current market return for the entire return distribution.
Data and variable description
In this section, we introduce Indian stock market and present the details of data used in the study.
Indian stock market setting
Indian stock markets operate on nationwide market access, anonymous electronic trading and a predominantly retail market and all this make Indian stock market as the top most among emerging countries in terms of a vibrant market for exchange-traded derivatives. We examine the return-implied volatility relation of one of three stock exchanges trading equity and derivatives in India, the National Stock Exchange (NSE). NSE has the largest share of the domestic market activity in the financial year 2015-16, with approximately 83% of the traded volumes on the equity spot market and almost 100% of the traded volume on equity derivatives. The NSE maintained the global leader position in the category of stock index options, by number of contracts traded, in 2014-15 as per the Futures Industry Association Annual Survey. Also as per the WFE Market Highlights 2015, the NSE figured among the top five stock exchanges globally in different categories of ranking in the derivatives market.
Nifty is used as a benchmark of Indian stock market by NSE, which is a free-float market capitalization weighted index. It consists of 50 large cap stocks across 23 sectors of Indian economy. We use Nifty as a market index in our study. The volatility index, India VIX, is introduced by NSE on 3 March 2008, which indicates the investor's perception of the market's volatility in the near term. Nifty is different from India VIX as the former measures the direction of the market and is computed using the price movement of the underlying stocks whereas the later measures the expected volatility and is computed using the order book of the Nifty options. The NSE launched futures contracts on the India VIX on 26 February 2014. confirm that they are positively skewed. This signifies that the tail on the right side of the probability density function is longer than the left side and maximum of the values lie on the left side of the mean. Kurtosis test confirms that both time series are leptokurtic, meaning the values are more clustered around the mean, signifying both of them have thinner middles and many extreme values. Test of Jarque-Bera statistics confirms that normality is not observed for both root in each series at 1% significance level, meaning that both of them are stationary. Next, we examine the autocorrelation function for RNifty t and ΔIVIX t series. We observe that the first lag, of RNifty t possesses significant positive autocorrelations, whereas negative autocorrelation is observed for the second, third and fourth lag but neither of them is significant. In case of ΔIVIX t series, significant negative autocorrelation is observed in the first and third lag. Second lag of ΔIVIX t shows a positive autocorrelation but not significant. The correlation between RNifty t and ΔIVIX t indicates that they maintain a negative relationship. The Pearson correlation coefficient −0.329 is observed between contemporaneous daily Nifty return and change of India VIX.
Data-set and descriptive statistics
Methodology
First, we examine the relationship by employing atheoretical model. We choose vector autoregressive (VAR) framework to understand the causal relationship between return and change of implied volatility. The details of the model specifications are given below.
Vector Autoregressive framework (VAR)
VAR is purely atheoretical estimation method to capture the interdependencies between multiple time series. So VAR is a natural choice to capture the causal relationship between RNifty t and ΔIVIX t . We use bivariate VAR model to capture the linear interdependency between RNifty t and ΔIVIX t time series. The VAR model is specified below:
(1) 
Quantile regression framework
Quantile regression yields more robust results for outliers i.e. upper and lower quantiles relative to ordinary least squares (OLS) (Koenker, 2005; Koenker & Hallock, 2001 ). Similar to OLS, which solves the sample mean by minimizing the sum of squared residuals, quantile regression solves quantile median by minimizing the sum of absolute residuals by symmetric weights. To solve the other quantile functions, absolute residuals are tilted i.e. asymmetric weights are assigned to other quantiles. Minimizing the asymmetrically weighted sum of absolute residuals yields the solution for other quantile functions. So, for a random sample y 1, y 2 , … . y n , for a given probability p, the pth quantile of y i is achieved by, min
�� where x i includes the explanatory variables and θ is the parameter of interest. The weights, w p (j) is defined as:
In the first hypothesis, we examine if the behavioural theory holds over leverage theory. We specify our quantile regression model as below:
where φ (q) is the intercept for qth quantile,
are coefficients for the lagged RNifty and for i = 0 denotes the contemporaneous return for qth quantile. Similarly, (q) j are the coefficients for lagged changes of IVIX at qth quantile. Quantile regression allows heteroscedasticity in the error terms, therefore coefficients
would vary according to each quantiles selected within the range of q ∊ (0, 1). We include three lags following Badshah (2013) . If behavioural theory holds true, we expect (q) 0 to be significant for all q ∈ (0, 1). Moreover, negative relationship predicts negative coefficients of (q) 0 . Lagged changes of volatility index are also included in the in equation (3). The coefficients of lagged changes of volatility index have significance in understanding two alternative hypotheses. We should observe insignificant coefficients of lagged changes of volatility, when volatility changes according to the shifts in investor's expectation about volatility. Under this scenario, order imbalance is merely a reflection of shifts in investor's expectation about future volatility. If that is the case, then the changes in implied volatility are permanent and thus changes of implied volatility should be uncorrelated through time. Bollen and Whaley (2004) name this phenomenon as "learning hypothesis", where option market participants continuously learn about the underlying asset dynamics and update option prices accordingly. On the contrary, "limits to arbitrage" (Shleifer & Vishny, 1997) hypothesis predicts the lagged coefficients to be negative. Under this scenario, with the upward-sloping supply curve of options, excess buyer-motivated trades would cause implied volatility to rise, and excess seller-motivated trades would cause implied volatility to fall. Excess trades would have a price impact on options, leading option prices to be below or above efficient level. Thus, part of the impact would be temporary, prompting participants to rebalance their portfolio gradually and prices would move towards its efficient level. The process of partial price reversal would cause the implied volatility to fall (rise) relatively. Thus, we expect negative coefficients of lagged changes in the implied volatility index.
To test hypothesis II and hypothesis III, we define the positive and negative returns as below.
We specify the below model to assess the asymmetric relationship across the quantiles. Similar to Equation (3), we include
to capture the impact of positive returns and (q) k to capture negative returns for the entire India VIX change distribution. Here, i = 0 signifies the contemporaneous returns coefficients.
(q) j are the coefficients of lagged changes in implied volatility index.
To test hypothesis IV, we employ the following quantile regression model:
Similar to hypothesis I, we expect that impact of coefficients
to be significant on current Nifty returns. If that holds, we propose behavioural theory to be the superior explanation than volatility feedback theory, because feedback theory demands the lagged changes of implied volatility index to be most significant for Nifty returns. Moreover, if behavioural theory holds, the lagged changes of implied volatility do not contain much information for current Nifty return. Thus, it would verify the informational content of India VIX for current market movement.
(q) , (q) and α (q) are the intercept terms and all the errors terms t , t , t are assumed to be independent for each equation and derived from error distribution with qth quantile equal to zero.
Empirical results
We present the VAR results along with its limitations to capture the dynamics of entire return and change volatility distribution. The next sub-section presents quantile regression results. Granger causality results indicate that feedback effect seems to be dominating over leverage effect. The results simply infer how the conditional mean of the response variable changes with the vector of covariates. We verify the validity of Granger causality results in a nonparametric setting i.e. by performing an exploratory analysis to understand the impact of extreme events on Nifty and India VIX relationship. If feedback theory holds, we expect the lagged change of India VIX to indicate current Nifty returns at extremes as well. To verify, we consider the extreme five percentile positive and negative returns of Nifty. For each day of those extreme five percentile returns of Nifty, changes of (4) M2:
Vector autoregressive (VAR) results
RNifty t−j + t India VIX are taken around from −5 to +5 day window. The average of the −5 to +5 days window of change of India VIX is plotted for those extreme five percentile movements of Nifty. This is shown in Figure 1 .
The figure shows that for extreme five percentile positive and negative Nifty returns, ΔIVIX t is not showing any pattern before the extreme movements. Rather temporary shock is observed in ΔIVIX t on the day of the extreme positive and negative Nifty movement i.e. on zeroth day on the above figure. IVIX t does not show any pattern before the extreme movements of Nifty and quickly comes × 100%, and n denotes the optimal lag length based on AIC criteria.
The causality direction X=>Y imply X Granger cause Y; X ≠Y implies there is no causal relationship between X and Y.
*Indicate rejection of the null hypothesis at 10% significance level.
**Indicate rejection of the null hypothesis at 5% significance level.
***Indicate rejection of the null hypothesis at 1% significance level. back to its mean reverting level after the extreme shocks in Nifty. Thus, at extremes of Nifty returns, the relationship is contemporaneous in nature because extreme Nifty movements and India VIX changes occur concurrently on the event date. This analysis indicates that the feedback effect is an incomplete explanation of the relationship and therefore, we employ the quantile regression framework.
Quantile regression results
We test our hypothesis I by the Equation (3). The coefficients of Equation (3) are reported in Table 3 .
The coefficients of the contemporaneous returns (i.e. RNifty t ) are consistently significant at 1%
level for all quantiles of India VIX change distribution. Also, absolute values of the coefficients of contemporaneous returns for all quantile are higher than all coefficients of all the lagged Nifty returns and all the lagged India VIX changes. Lagged covariates of Nifty returns and India VIX changes are mostly insignificant or mildly significant. For all the quantiles, contemporaneous Nifty return (RNifty t )shows negative coefficients. Negative coefficients indicate that contemporaneous implied volatility changes (India VIX changes) and returns (Nifty returns) are negatively related. Above results confirm hypothesis I. Behavioural theory holds over leverage hypothesis for the entire implied volatility change distribution. Lagged changes of India VIX (ΔIVIX t−1 , ΔIVIX t−2 , ΔIVIX t−3 ), specifically the first lagged changes (ΔIVIX t−1 ), are significant at the lower quantiles (0.05-0.50) of India VIX change distribution. With the increase in quantiles (0.75-0.95) insignificant coefficients are observed for lagged changes of India VIX. All the significant coefficients of the lagged changes of India VIX are *Indicate rejection of the null hypothesis at 10% significance level.
***Indicate rejection of the null hypothesis at 1% significance level. with negative sign. These results indicate that at lower quantiles (0.05-0.50) of India VIX change distribution (when changes in India VIX are negative), the implied volatility tends to reverse itself. Explanation of the phenomenon could be, excess seller-motivated trades impact option prices below efficient level, prompting the implied volatility to fall sharply. Option prices tend to adjust to efficient level by subsequent trades when market gradually adjusts portfolio, causing the change of the implied volatility to reverse. At upper quantiles (0.75-0.95), the lagged changes of the implied volatility are uncorrelated. Thus, with positive innovations of implied volatility, "learning hypothesis" appears to be prevailed. When changes of India VIX are positive, uncorrelated lagged changes of implied volatility signify that changes of implied volatility is driven by the shifts of investors' expectation about future volatility and changes of volatility is observed to be permanent. That means, investors learn about the underlying asset dynamics in times of negative market return and set option prices accordingly. Table 4 reports the results of Equation (4). Impacts of contemporaneous returns (RNifty
are observed to be significant across the quantiles of India VIX change distribution. Also, absolute values of the coefficients of contemporaneous returns are higher than all the lagged covariates. Impacts of positive contemporaneous return (RNifty + t ) and negative contemporaneous return (RNifty − t ) vary across the quantiles of the India VIX change distribution. Differential impact of contemporaneous positive and negative returns across quantiles of India VIX change distribution confirm that asymmetric relationship varies across quantiles. From median to the higher quantiles The impact of negative contemporaneous returns increases monotonically from median to higher quantiles of India VIX change distribution. The above finding has implications for the Indian market. The increase in change of India VIX is related to the incremental increase in negative returns. Thus, India VIX functions as an efficient hedge for downside market movement. The absolute values of the coefficients of negative contemporaneous returns from median to higher quantiles (0.50-0.95) are higher than the coefficients of positive contemporaneous returns from median to lower quantiles (0.50-0.05) of India VIX change distribution. The explanation could be that excess seller-motivated trades are lower in times of positive returns than excess buyer-motivated trades in times of negative market returns. In other words, the excess supply of options in times of positive market returns are lower than the excess demand of options in times of negative market returns. That shows Indian index options market functions more as insurance or hedge market for downside market movement. Unlike Equation (3), Equation (4) shows that first lagged changes in India VIX (ΔIVIX t−1 ) are now significant across the quantile of changes of implied volatility and all the coefficients are negative in sign. When we regress the India VIX change distribution with positive and negative contemporaneous returns, reversal trend of implied volatility change comes into picture. This is because, at higher quantiles (0.50-0.95) of implied volatility change, negative returns prompt excess buyer-motivated trades. In times of negative returns, the excess buyer-motivated trades impact the options prices beyond its efficient level, causing the implied volatility to rise sharply. With the gradual rebalance of portfolio, the prices tend to come back to their efficient level, making implied volatility to fall partially.
Hypothesis IV is tested by Equation (5). The results are reported in Table 5 . The coefficients of cotemporaneous India VIX change (ΔIVIX t ) are found to be significant across all the quantiles of Nifty returns at 1% level. No other covariate is significant across all the quantiles. Most of coefficients of the lagged changes of India VIX (ΔIVIX t−1 , ΔIVIX t−2 , ΔIVIX t−3 ) are either insignificant or marginally significant. This confirms hypothesis IV that behavioural theory holds. The lagged changes of India VIX are not significant to explain contemporaneous Nifty returns. That has two implications. First, feedback theory does not hold true, and second, India VIX does not subsume information for current market movement. 
Conclusion
We investigate the short-term relationship between Nifty return and India VIX change using theoretical frameworks based on leverage effect, feedback effect and behavioural explanation. We employ VAR and quantile regression to examine the relationship. We use VAR to understand the causal relationship between return and implied volatility. Although VAR results indicate that feedback effect dominates over the other theories, our exploratory analysis on extreme events shows that the relationship is contemporaneous. Thus, we document that VAR results are an incomplete description of the relationship. We use quantile regression models to study the effect of returns across the quantiles of implied volatility change distribution and the effect of change in implied volatility across the quantiles of return distributions. The previous study of Badshah (2013) uses quantile regression models and concludes the consistency of behavioural theories over leverage effect for developed markets. In this study, we treat the leverage and feedback effects separately while comparing with behavioural theory. Our study also shows that the relationship is consistent with behavioural theory over the leverage and feedback hypothesis. Thus, the study produces more evidence in support of behavioural theory over leverage and feedback hypothesis, and even for emerging markets. In the course of understanding the relationship, we find asymmetric effect is monotonically increasing from median to higher quantiles of India VIX change distribution. That implies that India VIX is an effective hedge for downside market movement. This result has implications for recently introduced India VIX futures. 
